This paper analyses intra-and extra-euro area (EA) trade flows for the five largest EA countries in order to gauge the importance of value chains. We bridge findings from input-output table analysis with a time series approach. Evidence of value chains is found for all trade patterns and is most pronounced within the EA. Imports from EA and RoW are not only domestically absorbed, but also re-exported. Exports to EA depend on demand in both the importing country and the rest of the world (RoW), indicating the importance of re-exports to RoW. Demand factors play a large role in all trade patterns.
Introduction
This paper provides new evidence on the importance of international production chains to explain the imports and exports of euro area countries. In particular, the paper empirically estimates import and export equations and explicitly distinguishes between intra-and extra-euro area trade. More specifically, we complement findings from input/output table analysis by estimating four separate import and export equations for five euro area countries (Germany, France, Italy, Spain and the Netherlands). These equations explain for each of the five countries imports from other euro area countries, imports from non-euro area countries, exports to euro area countries and exports to noneuro area countries. Imported goods can be used for two different purposes: to satisfy domestic demand or to be used as intermediate goods for exported goods. Therefore, in the import equations we include a country's domestic demand, exports to euro area countries and exports to non-EA countries. In the export equations we include three different demand variables: EA countries' final demand, non-EA countries' final demand and the country own domestic demand. 1 To account for potential competitiveness effects we include the real effective exchange rate in all import and export equations.
A vast empirical literature in international macroeconomics analyses the determinants of imports and exports. Many studies focus on explaining a country's total imports and exports. Recent examples for euro area countries include Belke et al. (2015) , Esteves and Rua (2015) and Bobeica et al. (2016A) . Other studies take a more detailed perspective and consider bilateral trade between countries. A well-known research question analysed in these studies is the effect of the euro on bilateral trade (see e.g. Glick and Rose, 2016) . However, these studies generally do not take third-country effects or trade in intermediate goods explicitly into account. A notable attempt to include this in a gravity model is by Wang et al. (2010) who include FDI and R&D in the extended gravity model.
As put forward in the seminal paper of Hummels et al. (2001) , vertical fragmentation of production has altered trade dynamics thoroughly. Indeed, while a German factory exports a fully assembled car, many of the car parts are not produced in Germany. For example, the steel body is produced in the Czech Republic, the brakes in the Netherlands and the electronic parts in Japan. The reinforcement of trade relationships is most pronounced in intermediate inputs trade, which is evidence for value chain integration.
For instance, the literature on trade in value added show that, in particular for manufacturing supply chains, intermediate goods cross borders several times before a final product is produced (see Johnson (2014) and Koopman et al. (2014) for an overview). The vast increase of intermediate goods trade is especially pronounced in the EA, as shown in Figure 1 . This implies that classic trade theory models, which characterize the trade between two countries as country Home exporting a domestically produced good to country Foreign and vice versa, do not represent well modern economies that are characterized by often large global value chains.
( Figure 1 about here)
Even though value chains become increasingly global (see e.g. Los et al. (2015) ), a regional focus is warranted. Baldwin and Lopez-Gonzales (2015) and Lejour et al. (2017) identify three regional supply chain hubs Europe, North America and East Asia, where supply chains are regionally very strong. Focusing on the euro area, trade with other EA countries can have significantly different characteristics than with the rest of the world (RoW). First, the formation of a currency union and the removal of exchange rate risk lowers trade costs. Second, all euro area countries are member of the Single Market with very low trade barriers. Third, distances in Europe are relatively small compared to other continents and the infrastructure is relatively good. These factors combined foster the creation of value chains within Europe. 2 Therefore distinguishing between intra-and extra-euro area imports and exports is warranted.
We therefore take a similar approach as Wierts et al. (2014) and Bobeica et al. (2016B) by distinguishing between euro area and non-euro area countries when empirically estimating the models. However, while these authors focus mostly on price competitiveness in explaining imports and exports, our focus is on the importance of euro area and non-euro area demand in the import and export equations. To the best of our knowledge, this aspect has not been analysed before in the empirical literature explaining intra-and extra-euro area trade.
In our set-up, we can analyse the role of the euro area as regional supply chain hub. If intra-EA value chains are important to supply goods from EA to ROW countries, we would expect intra-EA exports to depend on ROW final demand. Similarly, for the import side, we hypothesize that imports from ROW countries depend on exports to EA countries.
Besides testing these specific hypotheses, we can also identify which demand factors are most important for each of the four equations and whether this differs across the five EA countries being analysed.
Our empirical strategy differs from Wierts et al. (2014) and Bobeica et al. (2016B) . While these studies estimate the equations in levels, we estimate it in first differences. The main reason for doing so it that exports and imports are non-stationary variables and we do not find a cointegrating relationship between these variables and the explanatory variables. To avoid a spurious regression, we therefore estimate the models using first differences. We take special care to establish the appropriate lead-lag structure in the time series models.
The results show that both "classic" demand factors as well as the presence of (global) value chains drive euro area trade flows. While this is an established result in the inputoutput literature, we complement the literature by presenting additional evidence using time series analysis. In addition, using time series analysis, we quantify the "classic" and "value chain" trade drivers for five euro countries. Imports, both from EA and RoW, are not only used to satisfy domestic demand, but are used hugely for re-exporting purposes as well. In addition, exports to other EA countries are not only driven by demand in the partner country, but also by demand in RoW, thus satisfying global demand. Conversely, exports to RoW are not driven by EA demand. This highlights the importance of intra-EA value chains. The magnitude of estimated coefficients points to a significant importance of these value chains. For some countries, value chain-induced trade is equally or more important than "classic" domestic demand-induced trade. Conversely, cost and price measures are not found to be crucial. The structure of this paper is as follows. Section 2 provides a theoretical framework and Section 3 provides stylized facts based on input-output tables. Section 4 explains the data and the used methodology. Section 5 draws out the results, while Section 6 presents several robustness exercises. Section 7 concludes and links the results to policy implications.
Theoretical framework
A useful model framework to illustrate the different channels we distinguish is the Leontief input-output model. This input-output model describes the production processes and linkages between sectors within an economy, but can also be extended to a multi-country setting by incorporating trade linkages. For the purpose of this paper a three country, one sector input-output model provides the easiest exposition. Consider the following countries in the model (Home, Other-Euro Area (OEA) and Rest of World (ROW)). Based on the input-output matrix, we can identify both direct and indirect production linkages. For example, since the input-output table tracks all linkages we can determine by which amount Home exports to OEA increase when ROW final demand for OEA goods increases. In order to revisit the import and export equations which exploit the time series dimension, we subsequently shut down different channels to estimate the importance of the drivers of imports and exports.
When investigating the import demand of Home for OEA goods we set xROW,Home = 0, fdROW,Home = 0 and fdHome,ROW = 0. In this way, our coefficient still tracks imports from OEA because of ROW demand for OEA goods, but not ROW direct demand for Home goods. Indeed, we thus capture the intermediate goods trade generated by ROW demand, yet dismissing the direct goods trade between Home and ROW. The intermediate goods flow from OEA to Home, generated by ROW demand, is of importance. This allows assessing the importance of ROW final demand via international production chains. In the same vein, when investigating the import demand of Home for ROW goods, we set xOEA,Home = 0 and fdOEA,Home = 0.
For the exports of Home to OEA and ROW, we apply similar restrictions. When considering exports from Home to OEA we consider xHome,ROW = 0 and fdHome, ROW = 0. Thus, we isolate the effect of ROW demand on exports of intermediate goods from
Home to EOA. For Home to ROW exports we have xHome,OEA = 0 and fdHome, OEA = 0.
Indeed, we then observe the demand from ROW for intermediate goods generated by higher demand in OEA.
Descriptive evidence from input-output tables
In this paper, we focus on the role that intra-EA and extra-EA (RoW) value chains play in the import and export equations for the five largest EA countries. By using the World A fair point is to ask why we do not use the calculated coefficients from the Leontief inputoutput model directly. The main reason for not doing so is that the Leontief model uses the proportionality assumption. The proportionality assumption states that the input mix for all products produced by a country, or an industry for a more detailed input-output tables, are the same. So, the model assumes that the German electronics industry produces a homogeneous good which is the same domestically sold and exported to all countries. While this is a common assumption in input-output analysis, it is quite restrictive. Using a time series approach can allow us to relax this assumption. However, the above results do provide a useful overview of the important of each of the demand factors. In addition, the WIOD data in this section is based on nominal US$ and there is no reliable methodology to convert the nominal numbers in real numbers. When analysing trade patterns over time it is crucial to use real numbers. Moreover, the data is only available at the annual frequency. This would amount to fifteen observations and making a time series analysis very unreliable. So, it should be noted that the data used in this section (WIOD) is different to the Eurostat trade flow data that will be used in the regression analysis in the next section. 
Empirical methodology and data

Empirical Methodology
We present four baseline regressions: a) imports from other EA, b) imports from RoW, c) exports to other EA and d) exports to RoW. We capture the existence of value chains on the import side by assuming that countries import in order to use these imports for their own exports. Hence, imports are explained by both domestic demand and exports, be it to EA or RoW. When value chains are present, exports to either EA or RoW should come up as a significant factor explaining imports. We allow this mechanism for imports from both the EA and RoW: the model specification is similar for both import regressions.
On the export side, we allow for the possibility that exports are not only final goods, but also intermediate goods which are re-exported overseas in turn. This is done by including not only domestic demand in the source destination, but also demand in the other region.
Indeed, demand for final goods in RoW might first drive demand for intermediate goods in the EA. This assumption is backed by the strong correlation between intra-euro area and extra-euro area exports ( Figure 4 ). By using this model set-up, "spill-overs" from EA to RoW and vice versa are allowed for in both export specifications. Lastly, we also include demand in the home country in order to control for possible "spill-backs" (i.e. the own country re-imports goods at some point in the value chain).
An additional feature of our model is that we exploit the time series dimension of the data.
As value chains can be long and complex, goods are not necessarily exported, transformed and consumed all in one quarter. Indeed, an export of an intermediate good in t, such as a commodity, might only be transformed into a final consumer good in t+1 and consumed abroad in t+2. Therefore, we include leads and lags in all import and export specifications.
In order to not overburden the model set-up, we delete insignificant estimates until the most fitting time structure is obtained. An additional advantage of this method is that we remain agnostic about the timing of the trade linkages and thus the value chain structure:
we allow the value chain to be shorter (e.g. effect in t) or longer (effect in t+1). Mind that we keep at least one lead, lag or contemporaneous regressor per demand variable.
( Figure 4 about here)
We use robust regression in order to control for possible outliers in the data, such as crises-induced effects during the global financial crisis, which impacted world trade strongly. If not taken into account, this may bias the coefficients. Also, we choose not the pool the data as we believe this would lead to losing country-specific information.
This yields the following four baseline regressions:
where t indicates the quarter. The models are estimated for each country separately.
All time series except the REER variables are transformed in first differences to obtain stationary time series. While estimating a VECM is a possibility we are not able to find stable cointegrating vectors. 4 So, we choose to estimate the models in first differences.
Data
The data contains real export and import flows of goods to/from EA and RoW for the five Berger and Nitsch (2010) .
Basic explanatory variables as domestic and foreign countries' domestic demand are included. We do not include foreign import demand as an explanatory because we are interested in the effects of exports on shifts in domestic demand in foreign countries.
Including foreign import demand -as some other studies do -would thus exclude the possibility of re-exports to other regions. Variables are also tailored to the country we study. For example, when considering the importance of euro area domestic demand for German exports we exclude German domestic demand from the euro area total.
Results
Import regressions
First and foremost, we find significant evidence of the presence of value chains. This is especially pronounced within EA. Imports from both the EA (Table 2) and RoW (Table 3) are significantly and positively affected by exports, mainly to EA. This holds true for all five countries in the case of exports to EA. Put differently, in order to export to EA, countries use imports from other EA countries. This is in addition to the classical demand mechanism, which is strongly at work in both import regressions. The elasticity of imports to domestic demand is mostly around 1.5%, significantly above the "value chain" elasticity, which is between 0.3% and 0.8% in the case of intra-EA trade (=imports from EA, subsequent exports to EA). The latter elasticity points thus to a 1% increase in exports to EA leading up to rising imports from EA of around 0.5%. The elasticity for the imports from RoW to export to EA is similar in magnitude.
( Tables 2 and 3 For the other countries, the coefficient on domestic demand is generally much higher than the coefficient on exports, generally more than double.
Export regressions
Regarding export patterns, we introduce a novel approach to capture the possibility that exports to one region are not domestically absorbed but rather subsequently exported (see above). We find evidence of these value chain-alike patterns in the euro area (Table   4 ). Exports to other EA countries do not only depend on demand in the importing region, but also on demand in RoW. Interestingly, our agnostic approach regarding value chain length indicates that exports to EA are affected contemporaneously by demand in EA, while the effect takes longer for overseas demand. Indeed, for DE, FR and NL, the RoW demand is significant in t+1. A possible explanation is that demand in EA leads to exports of final goods within EA in t, whilst RoW demand in t+1 incites intermediate exports within EA in t (to be subsequently re-exported to ROW). For the Netherlands, this "European gateway" mechanism is evidenced by Statistics Netherlands (2018). 5 These mechanisms are mostly at play for "core" EA economies (DE, FR, NL); for "periphery" economies a fitting specification is not found. This suggests that the latter countries are less involved in value chains that serve RoW consumers. Also, if economic conditions in RoW are relatively better than in EA, core-EA countries benefit more than periphery states. This is in line with Wierts et al. (2014), who find that core exports are relatively high-tech and have higher elasticities with respect to demand, thus benefiting relatively more when RoW income increases. Lastly, "spill-backs" to the own economy of the initial exporter are not found.
( Tables 4 and 5 about here) Regarding exports to the RoW (Table 5) , we find evidence of a strong domestic demand effect in RoW, but no "spill-backs" from RoW to EA or the own economy. Indeed, the elasticity of RoW exports to RoW demand is elevated (2.4-3.6). This is in line with the category "exports of intermediates to RoW and subsequently re-exported" being vast for many countries in the export mix ( Figure 3) Conventional explanations of trade patterns hold and are in line with previous results in the literature. Foreign domestic demand drives export strongly, while the home country's domestic demand drives import growth. We find the trade elasticities to be slightly higher than those found in previous literature (Bayoumi et al, 2011; Bobeica et al, 2016B; Chen et al, 2013) . Import elasticities are in the range of 1 to 2, whilst export elasticities are a bit higher (2 to 3). Again, the results differ between countries for all baseline regressions (see discussion regarding the Netherlands above, for example). 
Robustness
We conduct three tests to verify the robustness of our results, one pertaining to the lag structure, one regarding the REER variable and one on causality. First, with respect to the lag structure, we discard the lead and lag structure we obtained from the general to specific approach and only consider contemporaneous effects. We find that the main Third, we investigate into the causality of the trade patterns. We want to ensure that our initial rationale of higher exports leading to more imports is not undermined. Recall that our import regression is based on the premise of export growth causing import growth.
Indeed, countries import intermediate goods in order to use for their own exports.
Therefore, export growth should lead to import growth, but not the other way around (i.e. countries do not export in order to import). We check for reverse causality by performing Granger causality test (Appendix Table A .9) and find no causal relationship running from exports to imports.
Conclusion
This paper offers the literature a new perspective on euro area trade flows by explicitly taking into account the role of production chains going beyond classic demand and cost factors. We do so by distinguishing between intra-and extra-euro area exports and considering lead and lag structures. Regarding imports, domestic activity is decoupled into domestic demand and exports, both to euro and non-euro area countries. Regarding exports, we account for spill-overs and spill-backs from demand in other regions.
Our findings confirm that value chains have a prominent role in euro area trade. This is true both for imports and exports. Imports from EA and RoW are not only used for domestic demand, but are also affected by a country's exports, mainly to EA. In addition, exports to other EA countries not only depend on demand in the importing country, but also on non-EA demand. Hence, exports within the EA are re-exported to RoW.
Furthermore, demand is confirmed to be a crucial driver of trade flows. Elasticities are slightly higher than in preceding literature but seem reasonable. In contrast, price competition (real exchange rates) seems far less important.
A possible avenue for further related research is the inclusion of time variation. We considered a relatively small dataset from the inception of the euro area onwards. It is possible that the structure of trade and value chain patterns change over time.
Investigating how this would affect import and export growth, for instance as re-exports and intermediate trade become more important over time, will be of interest to researchers.
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